Abstract--The purpose of this paper is to study a non-Kolmogrov type prey-predator system. First, we investigate the linear stability of the model by analyzing the associated characteristic equation of the linearized system. Second, we show that the system exhibits the Hopf bifurcation. The stability and direction of the Hopf bifurcation are determined by applying the norm form theory and center manifold theorem. Finally, numerical simulations are performed to illustrate the obtained results.
INTRODUCTION
After the seminal models of Volterra and Lotka in the mid-1920s, predator-prey systems with delay have been studied extensively in recent years. There have been many results on stability, oscillation, persistence, and existence of positive periodic solutions, see for example, [1] [2] [3] [4] [5] and the references. It is well known that the dynamics of delayed systems depend not only on the parameters describing the models but also on the time delays from the feedback. Thus, both continuous delay and discrete delay prey-predator models are considered. The first distributed delay predator-prey model was proposed by Volterra [6] , then Brelot [7] modified it. The model has the form,
I
;: l
:~ (t) = X (t) rl --a11x (t) --a12 (t --T) y (S) d8 ,
(1.1)
(t) = y (t) -r2 + a21 a (t -s) x (s) d~ -a2~v (t) .
o~ Further detailed study on stability and Hopf bifurcation of system (1.1) can be found in [8] . However, the delayed predator-prey systems which have been studied are most of the Kolmogrovtype. As far as we know, there have few results about non-Kolmogorov type delayed prey-predator systems. Study on stability and Hopf bifurcation of such models is rare at present. In this paper, we consider a non-Kolmogrov type prey-predator system, (t) = ~1~ (t) -a~x ~ (t) -al~ (t) y (t) , ( 
1.2) (t) = -~2y (t) + a21x (t -7) y (t -~).
where rl, r2, all, a12, a21, and ~-are positive constants. The model was first proposed by Bartlett [9] and Wangersky and Cunningham [10] . It means that a duration of -r time units elapses when an individual prey is killed and the moment when the corresponding addition is made to the predator-prey system. Wangersky and Cunningham [10] briefly analyzed model (1.2). Goel et al. [11] pointed out that there are problems in Wangersky and Cunningham's analysis and reconsidered the model. In fact, Goel et al. only show the conditions on the stability of positive equilibrium of (1.2). In this paper, we consider the effect of time delay ~-on the dynamics of system (1.2). We not only give the conditions on the stability of the positive equilibrium of (1.2) and existence of periodic solutions, but also derive the formulae determining the properties of a Hopf bifurcation.
When the delay is zero, the positive equilibrium of system (1.2) is global asymptotically stable, that is, the orbits from the first quadrant have a positive equilibrium as their limit. Thus, prey-predator system (1.2) has no nontrivial positive periodic solutions when the delay is zero. We apply Hopf bifurcation theory, and find that for some % the system has positive periodic solutions. In addition, we derived formulas which determine the stability, direction, and periodic of bifurcating period solutions using the center manifold theorem and normal form theory. Finally, we perform numerical simulations and observe a family of orbits of periodic solutions.
LOCAL STABILITY ANALYSIS
Consider a non-Kolmogorov type delayed prey-predator system,
:~ (t) = fix (t) -allx 2 (t) --a12x (t) y (t) ,
(2.1) # (t) = -~2y (t) + a21x (t -7) y (t -~), where rl, r2, all, a12, a21, and 7 are positive constants.
Let a21x(t) = 2(t), a12y(t) = ~7(t), we have
Let alz/a2t = a, 2(t) = x(t), #(t) = y(t), then (2.2) can be written as
(t) = qx (t) -ax 2 (t) -~ (t) y (t), (2.3) (t) = -~2y (t) + ~ (t -7) y (t -~).
The equilibria of (2.3)
3) has a positive equilibrium E* = (x*, y*) = (r2, rl -ar2).
Let Nl(t) = x(t) -x*, N2(t) = y(t) -y*, then system (2.3) becomes

JY1 (t) = -ar2N 1 (t) -r2N2 (t) -aN 2 (t) -.IV 1 (t) N 2 (t) (2.4) ]92 (t) = -r2N2 (t) + r2N2 (t -7) + y'N1 (t -T) + N1 (t -~-) N2 (t -T)
The linearization of the system (2.4) at the equilibrium (0, 0) is
N2 (t) = -r2N2 (t) + r2N2 (t -~-) + y'N1 (t -T) .
The characteristic equation of (2.5) is given by 
THE PROPERTY OF HOPF BIFURCATION
In the section, we shall derive formulas which determine the direction and the stability of the bifurcating periodic solutions of system (2.4) at v0 employing normal form theory and center manifold argument [13] . T [-ar2x (t) -r2Y (t) -ax (t) ~ -x (t)y (t)], (3.i) r2y (t --1) + y*x (t --1) + x (t --1) y (t --1) ].
{1 (t) = T [--r2y (t) +
Its linear part is given by
The nonlinear term of (3. 
z(t) = (q*ut), w(t,O) =ut(O)-2Rez(t)q(O),
. + z (t) q (0) + ~ (t) ~ (0).
From (3.3) and (3.14), we have Comparing the coefficients of the both sides of (3.15), we have
+e "'2o (-1) + ....
11
(-1) .
We still need to compute W2o(0) and Wll(0) further.
From (3.9) and (3.11), we have 
= -gq(O) -gq-(O).
Comparing the coefficient with (3.18), 
? '2 That is,
Hence, we .get 
~2-a'(T0) '
/32 = 2Re (C 1 (0)).
we know that #2 determined the direction of the Hopf bifurcation (if #2 > 0 (< 0)), then the Hopf bifurcation is supercritical (subcritical) and the bifurcating periodic solutions exist for T > T0(T < T0); /32 determines the stability of the bifurcating periodic solution are orbitally stable (unstable), if/32 < 0 (/32 > 0).
NUMERICAL SIMULATION EXAMPLE
In this section, we present some numerical results of simulating system (1.2) at different values of rl, r2, all, a12, a21. The system is (t) = x (t) [7.3- 1.6x (t) --y (t)],
(t) = -y (t) + x (t -T) y (t -T).
From the formulae in Section 3 and by direct computation, we obtain ct (0) = -2.05396 + 1.28768I, #2 = 0.0952116, /32 = -4.10792.
By a'(T0) > 0 and the above results, the bifurcating periodic solution of system (3.1) is orbitally asymptotically stable at 70. P2 = 0.0952116 > 0 indicates that it is a supercritical Hopf bifurcation. Numerical simulations are presented in Figures 1 and 2 . Notice that Figure 1 shows that the origin is asymptoticMly stable. By Theorem 2.3, a Hopf bifurcation occurs when T = To = 0.57. The origin loses its stability and a periodic solution bifurcating from the origin exists for 7 > 0.57. The bifurcation is supercritical and the bifurcating periodic solution is orbitaily asymptotically stable. 
